Abstract The challenge for computational rheologists is to develop efficient 7 and stable numerical schemes in order to obtain accurate numerical solutions 
The aim of this paper is the development of a mathematical model to preserve 
135
There are a number of alternative formulations proposed in the literature such 136 as the new extended matrix logarithm formulation [13] and the sequence map-137 ping of Housiadas et al. [12] . These two formulations are based on the log con- 2 The state-of-the-art of the hyperbolic tangent tensor
152
Most differential constitutive models can be written in the following general 153 form:
where C is the conformation tensor, u is the velocity field and Ψ is a model- (Fig.1a) .
171
Reconstructing the classical conformation and viscoelastic stress tensors on the tensor H, where C and H are related by:
or:
where M is a constant that is model-dependent. For example, for the FENE definite matrix is by definition an isotropic function of the original tensor.
191
Therefore C and H have a common set of eigenvectors. 3 Hyperbolic Tangent Formulation of the Constitutive Equation
193
In this study, we follow the approach adopted by Kwon [11] 
The eigenvectors of H are written in the form:
with n 
The characteristic equation for C is written as:
Differentiation of the above equation with respect to time yields:
Then taking the scalar product with another eigenvector yields the following 203 result:
from which we deduce:
Due to the isotropic function relation, C and H have the same set of eigen-206 vectors. For the H-tensor, an equivalent relation is readily obtained as:
Introducing
, and combining Eqs.
208
(13) and (14), one obtains:
In the 2D case Eq. (15) yields:
where A is defined by:
and B by:
Multiplying both sides of Eq. (16) by A −1 one obtains the evolution equation
213
for the components of H:
whereḢ ij andĊ ij are the components of the material time derivative of the 215 corresponding matrices which can be expressed by:
The above system of equations (19)- (21) can be summarized as:
If we substitute Eq. (22) and (23) in Eq. (24), we get the following equation:
In order to validate the proposed formulation, we compared the hyperbolic is the solvent viscosity and µ p is the additional viscosity due to the polymer. viscosity. The Reynolds number is defined as Re = ρDU max /µ t .
231
The governing equations in dimensionless form are as follows:
Eq.(28) states the relationship between the polymeric stress and conformation
236
(C) tensors for the FENE-P model.In the kernel conformation framework the 237 evolution equation for the hyperbolic tangent tensor H is
where Ω is an anti-symmetric pure rotation component of velocity gradient,
239
and B is a symmetric traceless pure extension component of velocity gradient.
240
We consider Re = 1 and R n = 0.1 and b = √ 60 .
241
Since constitutive equations are hyperbolic partial differential equations, we to use an optimal number of elements, we investigate the dependence of the outlet velocity on the number of finite elements used in the discretization. we are able to argue that, for planar channel flow, the hyperbolic tangent for-279 mulation can achieve higher Weissenberg numbers under analogous conditions. in Fig.7b . Finally, we observe the most instability in the flow at 4523th time 301 step (last time step), which has been caused by accumulation errors, in Fig.7c .
302
In order to investigate the effect of polynomial orders on the numerical sim- Finally, the extension of the approach described in this paper to general 3D 
